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We study aelerating osmologial solutions of a general lass of non-linear gravities whih depend
on Gauss-Bonnet and other higher derivative invariants. To ahieve this goal a loal formulation with
auxiliary salars for arbitrary higher-derivative non-loal gravity is developed. It is demonstrated
that non-loal Gauss-Bonnet gravity an be redued, in the loal formulation, to a model of string-
inspired salar-Gauss-Bonnet gravity. A natural uniation, in the theory here developed, of the
early-time ination epoh with a late-time aeleration stage an also be realized.
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1. Introdution. It has been seen reently that not only early-time ination but also late-time aeleration may be
naturally onstruted in modied gravity (for a review of modied gravities, see [1℄, and for review of observational
preditions from suh theories, see [2℄). It is remarkable that, moreover, a onsistent uniation of early-time ination
with the late-time dark energy universe an indeed be ahieved in modied gravity (for a rst suh example, see
[3℄). However, the models under onsideration represent loal theories. At the same time, it is also well-known that
quantum gravity and stringy onsiderations lead to a low-energy eetive ation whih ontains non-loal, as well as
loal terms.
The proposal to use spei non-loal gravity depending only on the salar urvature as a dark energy soure has
been made in Refs. [4, 5℄. Moreover, it has been demonstrated that dierent osmologial solutions inluding phantom
and/or quintessene aeleration an be found, for spei versions of suh non-loal gravities [5, 6, 7℄. In addition,
the uniation of early-time ination with late-time aeleration in suh theory, whih turns out to be onsistent
with loal tests, is also possible [5℄. (A dierent approah to string-inspired non-loal osmology has been disussed
in Ref. [8℄). However, the struture of suh non-loal gravity in the loal formulation with auxiliary elds is very
ompliated. In partiular, an expliit de Sitter solution has been only found for a very restrited (exponential) lass
of models.
In the present paper we onsider a more general lass of non-loal gravities whih depend on Gauss-Bonnet and
other higher-derivative invariants. First, we formulate the loal version of the theory with auxiliary elds and show
that almost all models of this sort admit the de Sitter osmology solution. It is quite interesting to observe that a
relation with string-inspired salar-Gauss-Bonnet gravity (with possible aount of higher-order string orretions) is
found. The emergene of inationary or late-time aeleration as well as the possibility to unify early-time ination
with late-time aeleration will be here established.
2. The de Sitter universe from non-loal G-gravity. We now onsider the following non-loal model
S =
∫
d4x
√−g
(
R
2κ2
− κ
2
2α
G−1G + Lm
)
. (1)
Here Lm is the matter Lagrangian and G the Gauss-Bonnet invariant, namely G = R2− 4RµνRµν +RµνρσRµνρσ. By
introduing the salar eld φ, one may rewrite the ation (1) in a loal form:
S =
∫
d4x
(
R
2κ2
− α
2κ2
∂µφ∂
µφ+ φG + Lm
)
. (2)
In fat, from the φ-equation, we nd φ = −κ2α −1G. By substituting this expression into (2), we reobtain (1). It is
remarkable that the above ation belongs to a spei lass of string-inspired, salar-Gauss-Bonnet gravity whih is
known to be onsistent with the loal tests and may serve as a realisti andidate for dark energy[9℄. Unlike what
happens in standard stringy ompatiations, the salar-GB oupling is not an exponential salar funtion. The
salar potential is zero, as it should be in the low-energy, perturbative approah to the string eetive ation.
Let us now study the de Sitter solutions whih may desribe late-time universe aeleration in suh non-loal gravity.
By assuming that the FRW metri with at spatial part and φ only depend on the osmologial time, the equations
2of motion are
0 = −3H
2
κ2
+
α
2κ2
φ˙2 − 24φ˙H3 + ρm , 0 = − α
κ2
(
φ¨+ 3Hφ˙
)
+ 24
(
H˙H2 +H4
)
. (3)
Here ρm is the energy density of matter andH is the Hubble rateH ≡ a˙/a. When the matter ontribution is negleted,
assuming φ˙ and H are onstant φ˙ = cφ, H = H0, one an solve Eqs. (3) as follows: cφ =
8κ2
α H
3
0 , H
4
0 = − 3α160κ4 .
Therefore, if α is allowed to be negative, there is a de Sitter universe solution, namely
H = H0 =
(
− 3α
160κ4
)1/4
. (4)
On the other hand, a negative α means that the salar eld has a `wrong' kineti term, like a ghost or phantom. As we
will see later in (13), the de Sitter spae solution orresponds to the ase a→∞ (late-time aeleration) when matter
is inluded. Even at the early universe, before the matter was reated, we an use this solution for the desription of
the inationary epoh.
Note that the seond equation (3) yields (
− α
κ2
φ˙+ 8H2
)
a3 = C . (5)
Here C is a onstant. We should note that the ation (2) is invariant under a onstant shift of the salar eld φ:
φ→ φ+ c (c is a onstant) sine G is a total derivative. The quantity C is the Noether harge orresponding to the
invariane. By using (5), we may delete φ˙ in the rst equation in (3) and obtain,
0 = −3H
2
κ2
− 160κ
2H6
α
+
16κ2CH3
αa3
+
κ2C2
αa6
+ ρm . (6)
When ρm is given by the sum of the ontributions from all forms of matter with onstant EoS parameter wi, one gets
ρm(a) =
∑
i ρ0ia
−3(wi+1)
. Then we an solve algebraially Eq. (6) with respet to H as a funtion of a: H = H(a).
By the denition of H , the equation has the form as a˙ = aH(a). Then we nd t = ∫ daaH(a) , whih gives, at least
formally, the solution of (6) and therefore the FRW universe.
As a simple ase, we may onsider the ase C = 0. Then Eq. (6) redues to the following form
0 = F(x) ≡ x3 + 3α
160κ4
x− αρm(a)
160κ2
. (7)
Here x ≡ H2 and therefore x ≥ 0. Sine F ′(x) = 3 (x2 + α160κ4 ), when α > 0, F(x) is a monotonially inreasing
funtion of x. On the other hand, when α < 0, we nd
F ′ (x±) = 0 , F (x±) = ∓
(
− α
160κ4
)3/2
− αρm
160κ2
, x± ≡ ±
(
− α
160κ4
)1/2
. (8)
Sine
F(0) = − αρm
160κ2
, (9)
when α > 0, sine F(0) < 0 and F(x) is a monotonially inreasing funtion, there is only one positive solution in
(7):
H2 = x = α+ + α− , α
3
± =
αρm
320κ2
(
1±
√
1 +
α
40κ8ρ2m
)
. (10)
We now onsider the ase that ρm omes from a unique kind of matter, with onstant EoS parameter w. Then, when
a → 0, one obtains α3+ → αρ0160κ2 a−3(1+w) and α− → 0. Therefore, H ∝ a−(1+w)/2 and we nd a ∝ t2/(1+w), whih
ould be ompared with the usual FRW universe in Einsteinian gravity, where a ∝ t2/3(1+w). On the other hand, when
a →∞, Eq. (10) implies that H ∝ a−3(1+w)/2 and therefore a ∝ t2/3(1+w), whih reprodues the result in Einstein's
gravity. This indiates that suh non-loal term beomes less dominant as ompared with the Einstein-Hilbert term
at the late universe epoh.
We may onsider the ase when α < 0. Sine F(0) > 0 in this ase, if F (x+) > 0, there is no positive solution for
x. On the other hand, if F (x+) < 0, that is, when
− α > 40κ6ρ2m , (11)
3there are two positive solutions and one negative solution in (7), namely
x = α˜+ + α˜−, α˜+ξ + α˜−ξ
2, α˜+ξ
2 + α˜−ξ, α˜
3
± =
αρm
320κ2
(
1± i
√
−1− α
40κ8ρ2m
)
. (12)
Eq. (11) indiates that there is a lower bound in a as a ≥ amin ≡
(
− α
40κ4ρ2
0
)1/6(1+w)
. Here it is assumed that w > −1.
We should note that even if a = amin, x and therefore H do not vanish, whih means that the existene of amin does
not imply the boune solution. It is likely that a universe with a = amin ould appear, say, as a quantum orretion.
When a is large, we nd that F(0) in (9) vanishes and α± tends to a onstant: α3± → ±i 1640κ6
√
−α310 , whih gives
H2 = x = 0, ±
√
− 3α
160κ4
. (13)
The positive solution of x in (13) orresponds to the de Sitter solution (4).
When the Einstein-Hilbert term in (1) or (2) an be negleted, by assuming
φ =
aφ
t2
, H =
h0
t
(
a = a0t
h0
)
, (14)
Eqs. (3) redue to the following algebrai equations
0 = aφ
( α
κ2
aφ + 24h
3
0
)
, 0 = (h0 − 1)
( α
κ2
aφ + 4h
3
0
)
. (15)
The equations (15) have a non-trivial solution (aφ 6= 0 and h0 6= 0): h0 = 1 and aφ = − 24κ
2
α .
We an now inlude matter. Then, the rst equation in (15) is modied as
0 = −3H
2
κ2
+
α
2κ2
φ˙2 − 24φ˙H3 + ρm . (16)
When one may neglet the Einstein-Hilbert term in (1) or (2) again, and if we assume (14), there is a non-trivial
solution when h0 =
4
3(w+1) . In fat, Eqs. (3) redue to the following algebrai expressions
0 =
2α
κ2
a2φ + ρ0a
−3(w+1)
0 + 48aφ
(
4
3(1 + w)
)3
, 0 =
(
4
3(1 + w)
− 1
)(
α
κ2
aφ + 4
(
4
3(1 + w)
)3)
. (17)
If the matter is radiation with w = 1/3, the seond equation is satised and the rst equation aquires the following
form: 0 = 2ακ2 a
2
φ+ρ0a
−4
0 +48aφ. Then, if D˜ ≡ (24)2− 2αρ0κ2a4
0
> 0, there are non-trivial solutions: aφ =
κ2
2α
(
−24±
√
D˜
)
.
On the other hand, when w 6= 1/3, we nd aφ = − 4κ
2
α
(
4
3(1+w)
)3
, ρ0a
−4
0 =
160κ2
α
(
4
3(1+w)
)6
. The seond equation
requires that α should be positive. Thus, a phantom-like universe solution from purely non-loal gravity, without the
R-term, has been found.
We now onsider another version of (1), that is,
S =
∫
d4x
√−g
(
R
2κ2
− κ
2
2α
(
1
G
)

−1
(
1
G
)
+ Lm
)
. (18)
Here α is a dimensional onstant. Naively this ation ould be relevant in the late universe stage, where the urvature,
and therefore G, is small (1/G is large) owing to the non-loality of the ation (18). However, there is a possibility
that the ation ould be relevant even for the early universe. By introduing three salar elds, φ, ξ, and η, one may
rewrite the ation (18) under the following form:
S =
∫
d4x
√−g
(
R
2κ2
+
α
2
∂µφ∂
µφ+
α
κ7
φ
η
+ ξ (η − G)
)
. (19)
Again, the ation reminds of string-inspired gravity, inluding the rst Gauss-Bonnet orretion. However, it may
orrespond to some ompliated ompatiation and/or to the ontribution of non-perturbative terms, beause of
the absene of kineti terms for the two salars and the appearane of a non-trivial multi-salar potential.
4In the FRW universe, the ation leads to the following equations
0 = − 3
κ2
H2 − α
2
φ˙2 + 24ξ˙H3 , 0 = α
(
φ¨+ 3Hφ˙
)
+
α
κ7η
, 0 = − α
κ2
φ
η2
+ ξ , 0 = η − 24
(
H4 + H˙H2
)
. (20)
By assuming φ = cφt, η = η0, ξ = ξ0t, and H = H0, with onstants cφ, η0, ξ0, and H0, the equations in (20) redue
to the algebrai ones
0 = − 3
κ2
H20 −
α
2
c2φ + 24ξ0H
3
0 , 0 = 3αH0cφ +
α
κ7η0
, 0 = − α
κ2
cφ
η20
+ ξ0 , 0 = η0 − 24H40 . (21)
We an solve Eqs. (21) with respet to cφ, ξ0, and η0 as follows: cφ = − 172κ7H5
0
, ξ0 = − α3(24)3κ14H13
0
, η0 = 24H
4
0 , and
H120 = − 754(24)2κ12 . Therefore if α is negative, there ould be a de Sitter universe solution, where H is a onstant:
H0 =
(
− 754(24)2
)1/12
1
κ . As in the ase of (4), the de Sitter solution may both desribe late time aeleration or
ination in the early universe. Hene, we have demonstrated that non-loal G-gravities of dierent types may lead
to an alternative desription of dark energy and/or inationary dynamis. Of ourse, for realisti desription some
version of the theory should be elaborated in more detail.
3. General non-linear higher-derivative gravity. We an now onsider a generalization of (1) whih depends
on all three urvature tensors (the ase of two dierent funtions F may be onsidered by analogy)
S =
∫
d4x
√−g
(
R
2κ2
− 1
2β
F (R,Rµν , Rµνσρ)
−1F (R,Rµν , Rµνσρ)
)
. (22)
Here F (R,Rµν , Rµνσρ) is a salar funtion of the salar urvature R, the Rii tensor Rµν , and the Riemann tensor.
Introduing an auxiliary eld φ as in (2), the ation (22) an be rewritten in a loal form
S =
∫
d4x
√−g
(
R
2κ2
− β
2
∂µφ∂
µφ− φF (R,Rµν , Rµνσρ)
)
. (23)
Even if the ation inludes higher powers of the inverse of  (ompare with [7℄) as
S =
∫
d4x
√−g
(
R
2κ2
−
N∑
n=1
1
2βn
Fn (R,Rµν , Rµνσρ)
−nFn (R,Rµν , Rµνσρ)
)
, (24)
we an still rewrite the ation (24) in a loal form by introduing auxiliary salar elds (ompare with the ase of
on-loal R-gravity [7℄).
One may onsider a more ompliated generalization, as
S =
∫
d4x
√−g
(
R
2κ2
− F1 (R,Rµν , Rµνσρ)−1F2 (R,Rµν , Rµνσρ)
)
. (25)
Here we assume that F1 is a funtion dierent from F2. By properly multiplying the Plank sale MPl, we may set
the mass dimensions of F1 and F2 to be 3. Then, the above ation an be written in the following form:
S =
∫
d4x
√−g
(
R
2κ2
− 1
2
(F1 (R,Rµν , Rµνσρ) + F2 (R,Rµν , Rµνσρ))
−1 (F1 (R,Rµν , Rµνσρ) + F2 (R,Rµν , Rµνσρ))
+
1
2
F1 (R,Rµν , Rµνσρ)
−1F1 (R,Rµν , Rµνσρ) +
1
2
F2 (R,Rµν , Rµνσρ)
−1F2 (R,Rµν , Rµνσρ)
)
. (26)
By introduing now three salar elds, φ1, φ2, φ3, we an rewrite (26) in a loal form as
S =
∫
d4x
(
R
2κ2
+
1
2
∂µφ1∂
µφ1 +
1
2
∂µφ2∂
µφ2
−1
2
∂µφ3∂
µφ3 − (φ1 + φ3)F1 (R,Rµν , Rµνσρ)− (φ2 + φ3)F2 (R,Rµν , Rµνσρ)
)
. (27)
Note that if F1, F2 inlude Gauss-Bonnet and higher-order terms whih are ubi and fourth-order in the urvature
invariants, the above theory represents the low-energy string eetive ation with higher-order orretions. The de
Sitter solutions for suh eetive ation have been studied in [10℄.
5As an example of (22) or (23), we may onsider the ase F (R,Rµν , Rµνσρ) = c1G + c2R, with onstants c1 and c2.
Then, in the FRW metri, we nd the following equations:
0 = −β
(
φ¨+ 3Hφ˙
)
− 24c1
(
H˙H2 +H4
)
− 6c2
(
H˙ + 2H2
)
, (28)
0 = −3H
2
κ2
+
β
2
+ 24c1φ˙H
3 − 3c2
(
φH2 − φ˙H
)
+ ρm . (29)
When the ontribution from matter an be negleted, that is, provided ρm = 0, if c2/c1 is negative there is a de
Sitter spae solution: H =
√
− c22c1 and φ = −
1
c2κ2
. As we have negleted the ontribution from matter, again, the
de Sitter solution ould be valid to desribe late time aeleration or ination before matter was reated in the very
early universe.
Now, the following model an be onsidered:
S =
∫
d4x
√−g
{
R
2κ2
+ (c1G + c2R) f
(

−1 (c1G + c2R)
)}
. (30)
Here c1 and c2 are onstant. By introduing two salar elds, ξ and φ, we may rewrite the ation (30) in a loal form
S =
∫
d4x
√−g
{
R
2κ2
− (ξ − f(φ)) (c1G + c2R)− ∂µξ∂µφ
}
. (31)
One may hek that the ation (31) is equivalent to the ation (30). By variation of ξ and φ, we have
0 = φ− (c1G + c2R) , (32)
0 = ξ + f ′(φ) (c1G + c2R) . (33)
If we delete φ in (31) by using (32), we reobtain the ation (30). In the FRW bakground, Eqs. (32) and (33) an be
rewritten as
0 = −
(
φ¨+ 3Hφ˙
)
−
{
24c1
(
H˙H2 +H4
)
+ 6c2
(
H˙ + 2H2
)}
, (34)
0 = −
(
ξ¨ + 3Hξ˙
)
+ f ′(φ)
{
24c1
(
H˙H2 +H4
)
+ 6c2
(
H˙ + 2H2
)}
. (35)
On the other hand, the equation orresponding to the FRW one has the following form
0 = − 3
κ2
H2 + 24c1
(
ξ˙ − f ′(φ)φ˙
)
H3 + 3c2
{
(ξ − f(φ))H2 −
(
ξ˙ − f ′(φ)φ˙
)
H
}
+ ρm . (36)
We now investigate if there ould be a de Sitter spae solution. We assume H is a onstant H = H0 and neglet
matter, ρm = 0. Then, Eq. (34) an be integrated to be
φ = − (8c1H30 + 4c2H0) t− φ1e−3H0t + φ2 . (37)
Here φ1 and φ2 are onstants of integration. For simpliity, we onsider the ase φ1 = φ2 = 0 and we assume that
f(φ) has the following form:
f(φ) = f0e
bφ . (38)
Here b is a onstant. By substituting (37) with φ1 = φ2 = 0 into (38) and integrating (35), we obtain
ξ = − 3H0f0
3H0 − β e
−βt − ξ1
3H0
e−3H0t + ξ2 . (39)
Here ξ1 and ξ2 are onstants of integration and β is dened by
β ≡ (8c1H30 + 4c2H0) b . (40)
Substituting now (37) with φ1 = φ2 = 0 and (40) into (36), one gets
0 = −3H20
(
1
κ2
+ c2ξ2
)
+
(
24c1H
3
0 + 3c2H0
)
β2 − 3c2H20β
3H0 − β f0e
−βt +
(
24c1H
3
0 − 4c2H0
)
ξ1e
−3H0t . (41)
6When β 6= 3H0 nor β 6= 0, Eq. (41) yields
ξ2 = − 1
c2κ2
, (42)
and
0 = 6c1H
2
0 − c2 or ξ1 = 0 . (43)
Furthermore,
β = −1− 8c1H0
c2
or b = − 1 +
8c1H0
c2
8c1 + 4c2H0
. (44)
Then if we hoose b in (38) as in (44), there is a de Sitter solution with H = H0. When c1 = 0, that is, without
the Gauss-Bonnet term, we have ξ1 = 0 and (42). Eq. (41) also gives β = −1, whih orresponds to the solution in
[5℄. In the same way as in Ref. [5℄ one an suggest the uniation of early-time ination with late-time aeleration
within the theory. It is also remarkable that unlike in the ase of non-loal gravities with R-dependene only, the
above theory is very rih and does admit de Sitter universe solutions for a variety of ations.
The uniation of late-time aeleration and ination in the early universe an in fat be easily ahieved by adding
a F (R)-term to the ation of non-loal Gauss-Bonnet gravity (1), as
S =
∫
d4x
√−g
(
R
2κ2
− κ
2
2α
G−1G + F (R) + Lm
)
, (45)
or to the ation
S =
∫
d4x
(
R
2κ2
− α
2κ2
∂µφ∂
µφ+ φG + F (R) + Lm
)
. (46)
Here F (R) is a proper funtion of the salar urvature R (the above theory has been proposed for dark energy
desription in Ref. [11℄). Then the rst equation in Eq. (3) is hanged as
0 = −3H
2
κ2
+
α
2κ2
φ˙2 − 24φ˙H3 − F (R) + 6
(
H2 + H˙
)
F ′(R)− 36
(
4H2H˙ +HH¨
)
F ′′(R) + ρm , (47)
but the seond equation is not hanged and therefore we have (5) again.
One an onsider the ase where the early ination ould be mainly generated by the F (R)-term and the late-time
aelerating expansion ould be generated by the non-loal Gauss-Bonnet term. We now hoose F (R) = βR2. Here
β is a onstant. We hoose α to be very small and φ starts with φ = 0. Hene, at the early universe the non-loal
Gauss-Bonnet term is very small and ould be negleted. We also assume that the ontribution from matter ould be
also negleted in the early universe. Then due to the F (R)-term, there ours R2-ination. After the end of ination,
the radiation/matter dominane era takes over, where H behaves as H ∼ h0/ (t+ t0). Then by integrating (5), we
nd
φ = φ0 +
κ2
α
(
− 8h
2
0
t+ t0
− C˜ (t+ t0)−3h0+1
)
. (48)
Here φ0 and C˜ are onstants of integration, whih ould be determined by proper initial onditions. When t beomes
large, the value of φ goes to φ0. If φ0 an be large enough, the non-loal Gauss-Bonnet term an be dominated
and the universe goes to asymptotially de Sitter spae, whih desribes late-time aeleration. Thus, a mixture of
non-loal Gauss-Bonnet gravity with loal modied gravity, on top of being a rather natural theory made up of the
fundamental ingredients one has at hand, yields a very realisti model for the uniation of early-time ination with
late-time aeleration.
4.Disussion.
In summary, we have demonstrated in this paper that a large lass of non-loal higher-derivative gravities admits
aelerating osmologies whih an naturally desribe ination, dark energy and/or the wholly unied ination-
radiation/matter dominane-dark energy, in the universe expansion history. We have hiey onentrated on models
whih depend on a Gauss-Bonnet invariant but this was essentially for tehnial reasons: the simpliation of the
equations of motion. There is no problem to extend the study to aount for Riemann squared tensor- and/or Rii
squared tensor-dependent non-loal gravity. In addition, non-linear GB gravity an be represented as a spei
7string-inspired gravity, what hints towards a fundamental origin from string theory. Unlike in the ase of pure
urvature-dependent non-linear gravity, many dierent versions of the theory under onsiderations exhibit de Sitter
universe solutions whih maybe used to desribe the dierent aelerating epohs. It is known that suh solutions
represent the xed points of the osmologial dynamis where the eetive equation of state parameter is w = −1.
Moreover, the stability of the xed points an be studied analytially or numerially. Hene, it is straightforward
to onstrut the eetive phantom and quintessene-like osmologies whih lie below or above the orresponding de
Sitter xed points in a similar way as in Ref. [7℄.
In order to selet the most realisti version from the above theories, loal tests, PPN analysis and aurate ob-
servational data must be used. For instane, osmologies derived from non-loal higher-derivative gravity should be
experimentally tested in order to make a short list of most viable theories. From a genuine osmologial viewpoint,
several non-loal models give rise to very similar dynamis. A way to overome suh a shortoming ould be to searh
for signatures in the stohasti bakground of gravitational waves in order to disriminate and onstrain models. In
fat, the prodution of primordial gravitational waves, if revealed, is a robust predition for any model attempting
to desribe the osmologial evolution at early epohs. It may be diretly derived from the inationary senario [13℄,
whih ts the WMAP data well, being the agreement partiularly good with exponential ination and the spetral
index ≃ 1. The main harateristis of the gravitational bakground produed by osmologial soures depend both
on the emission properties of eah single soure and on the soure rate evolution with the redshift. To this purpose,
one an take into aount the primordial physial proess whih gave rise to a harateristi spetrum Ωsgw for the
early stohasti bakground of reli salar gravitational waves by whih we an reast the further degrees of free-
dom oming from non-loal higher derivative gravity. This approah an greatly ontribute to onstrain the viable
osmologial models. The physial proess related to the prodution has been analyzed for the rst several tenso-
rial omponents of standard General Relativity. Atually the proess an be improved onsidering also the further
salar-tensor omponents stritly related to the degrees of freedom of non-loal gravity. It should emphasized that
the stohasti bakground of salar gravitational waves an be desribed in terms of salar elds φ and haraterized
by a dimensionless spetrum. In our ase, onsidering a generi non-loal theory of order (2n+ 2) as, for example,
L = √−gF (R,R, ...kR,nR) , (49)
it is straightforward to show that, by linearizing the theory, one obtains
n∏
k=0
( −m2k)φk = 0 , (50)
with n massive salar elds (mk real) or tahyons (mk imaginary) onformally related to the urvature invariants.
The interferometri spae experiment LISA ould put tight onstraints on suh masses. An analysis similar to the
one in [12℄ will be developed for the theory under onsideration elsewhere.
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